With the advances in the studies of body composition, it has been observed that several factors can interfere with the estimates of relative body fat using the skinfold thicknesses method. Therefore, the purpose of this study was to investigate the impact of the use of different skinfold calipers for the analysis of body composition by skinfold thicknesses measurements. Two hundred and fifty nine male subjects (23.3 ± 2.9 years) took part of the study. Nine skinfold thicknesses were measured (abdominal, subscapular, suprailiac, triceps, biceps, midaxillary, chest, medial calf, and thigh) using the Lange (USA) and the Cescorf (Brazil) calipers with accuracy of 1.0 and 0.1 mm, respectively. Significant differences were found in the comparison between the two calipers on all the investigated skinfold thicknesses (1.8 to 31.0%) with highest values obtained by the Lange caliper (p < 0.01). When these values were applied to four different predictive equations, developed by different researchers, the body fat estimate was significantly modified (p < 0.01), resulting in differences of 5.2 to 6.9%. Results indicate that the use of different skinfold calipers may maximize the errors of estimation produced by different predictive equations used for the analysis of body composition.
INTRODUCTION
Among the main methods to assess body composition, the skinfold thickness method (ST) stands out, as it is easy to apply, is of low operational cost, provides validity and reliability.
ST method is considered to be doubly indirect, as it is structured from the assumptions of hydrostatic weigh (HW), which, in spite of being an indirect method, has been considered a golden standard for the study of body composition in humans. Thus, just like HW method, ST method allows assessment of both, fat and lean body mass, as body composition assessment is performed from body density estimates generated from specific or general regression equations.
It is believed that in healthy adults, one third of total fat is found in subcutaneous area 1 . Furthermore, there seems to be a good relationship between fat found in subcutaneous deposits and body density 2 .
As the sites where subcutaneous fat lay are not uniform, one must measure skinfold thickness at different anatomic sites from different body segments (upper limbs, lower limbs, trunk), in order to have a more clear, overall and regional perception of fat distribution 2, 3 . Thus, the anatomic sites to be used for estimating body density and, therefore, the relative body fat, depend on the adopted predictive equation 4 . Many factors may affect the measurement of skinfold thickness, among which the type of caliper to be used, as this instrument should provide accurate, reliable measures.
Thus, among the many calipers available in the market, Lange (USA) and Harpenden (UK) are considered the best ones, as there are scientific studies on the reliability of measurements done with these instruments, by comparing relative body fat estimates calculated from the use of each one of them with results obtained from the HW method 5, 6 . Furthermore, Whitehead 7 compared five types of caliper and found that Lange (LNG) and Harpenden (HRP) had the best design for accuracy.
In Brazil, Cescorf (CCF) caliper, manufactured in the country, is widely accepted by users of ST Based on the presented information, the purpose of this study was to compare skinfold thickness assessed by LNG and CCF calipers, and then analyze the impact of possible differences found on relative body fat estimates from different predictive equations.
METHODOLOGY

Subjects
Two hundred and fifty-nine apparently healthy males (23.3 ± 2.9 years of age) took part in this study. They were all informed on the purpose of the investigation and the procedures they would be submitted to, and signed an informed consent form.
Methods
Body mass was assessed with the use of a digital scale, brand Urano (model PS 180A), with unit measure of 0.1 kg, whereas stature has been determined with the use of a wood stature measurer, with unite measure of 0.1 cm, in accordance to procedures described by Gordon et al. 8 . From the body mass and stature measurements, body mass index (BMI) was calculated, by means of body mass/stature 2 , ration, being body mass expressed in kilos (kg) and stature in meters (m).
To assess subcutaneous fat, the skinfold thickness of the following sites were measured: suprailiac (SI), subscapular (SE), triceps (TR), biceps (BI), medial calf (MC), thigh All measurements were taken on a rotation basis, and repeated three times with each caliper, and were recorded by a registrar. Median of the three measurements from each anatomic site was adopted as value of reference. At the end of each of three sequences, the evaluator changed calipers. The measurement sequence for the study was: AB, SI, SE, TR, BI, CH, MC, TH e MA. Measurements were made on the right side of the body, and the subjects wore just a bathing suit.
From the skinfold thickness, body density was calculated using the predictive equations proposed by Durnin & Womersley 9 , Jackson & Pollock 10 , and Petroski 11 (table 1) . Relative body fat was estimated from the equations proposed by Siri 12 or Brozek et al. 13 , according to the information these authors originally presented.
Data was handled according to descriptive procedures, and all comparisons between calipers were performed with the use of Student t-test for dependent samples. Information was processed by software Statistica TM .
RESULTS
Description of the subjects' physical features is presented in table 2 .
Thickness values of the nine measured skinfold by LNG and CCF calipers are presented in table 3. Significant differences were found for all skinfolds upon comparison between the two calipers (p < 0.01), with LNG presenting higher values. Midaxillary was the skinfold thickness of smaller difference between the two calipers, whereas biceps presented the highest variation (1.8 and 31%, respectively). Table 4 presents values for relative body fat estimated by four body density predictive equations.
Differences in relative body fat estimates from the use of LNG and CCF calipers were significant in all analyzed (TH), and chest (CH), in accordance with procedures described by Harrison et al. 3 , and abdominal (AB), established parallel to the longitudinal body axis, approximately 2 cm from the lateral edge of the navel; midaxillary (MA), obliquely measured following the direction of intercostal arches. These measurements were performed by a single evaluator, with test-retest coefficient of over 0.95 for each anatomic site, and technical measurement error of ± 0.8 mm and ± 1.0 mm, at the most, for Cescorf and Lange calipers, respectively. It is worth stressing that, whenever necessary, measures taken with Lange caliper were adjusted by linear interpolation of 0.5 mm. 
DISCUSSION
The importance of investigating skinfold measurement differences among the various calipers, and the impact of such information for the study of body composition started to be demonstrated particularly from the 80s onward. Thus, findings similar to those of our investigation have been reported in other studies, showing that LNG caliper presented higher values when compared to others [14] [15] [16] .
Statistic differences observed from the comparison of thickness from each of the nine investigated skinfolds (p < 0.01) suggest that possible differences among calipers are likely related to different accuracy levels of the utilized tools (0.1 to 1.0 mm), differences in model and mechanics of the tools.
Thus, the contact surface of LNG's jaws is of 30 mm 2 , whereas CCF's is of 90 mm 2 , under constant and somewhat similar pressure applied (approximately 10 g/mm 2 ). As pressure reflects the relationship between power and contact surface, a three-fold difference in the contact surface, under similar pressure makes the strength exerted to open the legs of caliper CCF to be three times higher than the one applied to LNG. Likewise, some investigators have reported that HRP, whose design and mechanics are apparently similar to CCF's, requires three-fold the power to open its legs, due to differences in the contact surface, causing higher compression of the fat tissue 14, 17 . This was seen by Gruber et al. 14 , who noted that for the same skinfold, HRP caliper takes one second longer to complete the movement (reading). Therefore, it is likely that in their study the difference of the two calipers in surface area is one of the reasons for higher skinfold thickness values measured by LNG.
These differences are lower than the ones found by Gruber et al. 14 , when comparing LNG and HRP calipers. These authors noted that HRP values are 11.8% lower than LNG's.
Likewise, Lohman et al. 17 observed that fat percentage assessed with the use of caliper HRP were 11% to 17% lower than LNG figures, according to the predictive equation analyzed.
Differences in the magnitude of fat prediction from different calipers, between our study and Lohman's et al. 17 and Gruber's et al. 14 show that, even though CCF and HRP calipers have similar design and mechanics, differences in accuracy (0.1 and 0.2 mm, respectively) cannot be ignored when analyzing results generated from these instruments. It is to be mentioned that there is no available information in the literature about comparison between these calipers.
In the sample studied, differences in estimates from the use of two different calipers (LNG and CCF) amount to approximately 500 to 800 g more of fat, and therefore less lean body mass, when measurement in made with LNG compared to CCF. In spite of the understanding that body composition is by itself complicated, we believe the information gathered by the application of measures taken from different calipers in various regression equations developed to estimated body density may help reducing possible sources of measurement error involving ST method 17 , as this body composition assessment method, being considered doubly indirect, presents a series of limitations related to the method of reference (hydrostatic weigh) 4 . Due to biologic variability caused particularly by differences among individuals in the relationship between subcutaneous and total body fat, at least in theory, accuracy of the equations that use ST measurements to estimate body density and relative body fat is of 0.0075 g/cm 3 and 3.3 percentage points, respectively 18 . Therefore, predictive errors of ≤ 3,5 relative fat percentage points or 0.0080 g/cm 3 for equations involving ST may be considered acceptable, as a proportion of the errors are related to the reference method 19 . Thus, taking, for instance, Petroski's equation 11 It is to be mentioned that the four examined equations, originally proposed from LNG caliper, had their results 5.2% to 6.5% underestimated by CCF caliper.
CONCLUSIONS
The outcomes of this study show that body fat estimates may be significantly affected by the type of caliper utilized, which seems to be directly related to the instrument's accuracy, design (contact surface) and mechanics.
Therefore, relative body fat estimates from CCF caliper tends to be 5.2 to 6.9% lower than from LNG caliper, according to the predictive equations examined in this study. These differences imply higher body fat values, and therefore lower lean mass values when LNG caliper is used.
As determining and validating predictive equations to calculate body density is done from the use of a particular caliper, differences caused by the use of different types of caliper tend to increase estimate error from the used equation, thus compromising results achieved by ST method.
Therefore, selecting the caliper to be used for measuring body fat should be done according to the predictive equations chosen to be employed on a particular population.
It is to be stressed that monitoring of possible changes in body composition over time may also be compromised if different calipers are used at different moments.
To close, it seems interesting the development of correction equations among the different calipers for the various anatomic sites measured, to minimize differences among them. Furthermore, other studies on calipers, focusing the different design, mechanics and accuracy, may add to a more appropriate use of ST method.
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